The multiplicity of techniques for detecting occult blood in faeces suggests that none is entirely satisfactory, but the hitherto widespread use of the benzidine tube test implies that that is the method which best meets practical requirements. However, the manufacture of benzidine has been associated with the development of cancer in industrial workers (Baker, 1953) and as a result benzidine has recently become difficult to obtain. Of the possible alternative tests, the orthotolidine and guaiac paper techniques are simple and inexpensive, with the result that they are being increasingly used in wards and general practice, and in the laboratory the use ofsuch methods eliminates much of the distasteful work, especially the cleaning of glassware. We have, therefore, carried out a series of tests designed to assess the reliability of some of the paper techniques and have compared them with tube benzidine tests. The Hematest and Occultest Both were performed and interpreted according to the manufacturers'1 instructions for the Hematest tablet.
The multiplicity of techniques for detecting occult blood in faeces suggests that none is entirely satisfactory, but the hitherto widespread use of the benzidine tube test implies that that is the method which best meets practical requirements. However, the manufacture of benzidine has been associated with the development of cancer in industrial workers (Baker, 1953) and as a result benzidine has recently become difficult to obtain. Of the possible alternative tests, the orthotolidine and guaiac paper techniques are simple and inexpensive, with the result that they are being increasingly used in wards and general practice, and in the laboratory the use ofsuch methods eliminates much of the distasteful work, especially the cleaning of glassware. We have, therefore, carried out a series of tests designed to assess the reliability of some of the paper techniques and have compared them with tube benzidine tests. The sensitivity measurements have been based on the amount of altered orally administered blood in the stools as determined by the use of Cr5' labelled red cells rather than on artificial mixtures of fresh blood and faeces. METHODS TUBE TESTS FOR OCCULT BLOOD The benzidine tube test was performed on boiled faecal suspensions using varying dilutions of benzidine as described by Varley (1958) .
PAPER TESTS FOR OCCULT BLOOD We performed four paper tests for comparison.
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Hematest and Occultest Both were performed and interpreted according to the manufacturers'1 instructions for the Hematest tablet.
Paper orthotolidine and sodium perborate test With the 'perborate test' of Abbott (personal communication) a very thin smear of faeces the size of a postage stamp was made in the centre of a Whatman No. 1 filter paper. About six large drops of a freshly prepared mixture of equal volumes of 2 % sodium perborate in water and 2 % orthotolidine in glacial acetic acid were added to the centre of the smear. A blue colour forming within two minutes outside the area of the faecal smear was regarded as positive. We found that the stock solutions could be kept at room temperature for about a week, after which the sodium perborate began to deteriorate.
Paper orthotolidine test This was performed as described by Moss (1955) . Two modifications were made. First, the results were read after 30 seconds as many normal specimens gave a positive result after a longer time. Secondly, 2 %, 1 %, and 0 4 % orthotolidine solutions were used as well as the 4 % in an attempt to reduce the sensitivity of the test.
Paper guaiac test This was performed as described by Morgan and Roantree (1957) . NEGATIVE CONTROLS There were (1) normal adults on a normal diet excluding aspirin; (2) normal adults on a diet excluding meat and offal and taking no drugs. Collections were controlled by the use of carmine markers. Two of the volunteers in this group were shown to be free of significant gastrointestinal bleeding by estimating the radioactivity of their faeces after intravenous injection of Cr5l-labelled red cells. (3) Normal children on a normal diet; (4) normal children on a meat-and offal-free diet.
These had previously given positive benzidine tube tests on a normal diet. (5) Normal bottle-fed babies aged from a i to 5 months. This group was chosen to reduce errors due to bleeding maternal nipples, haemorrhagic disease of the newborn, and teething. The results from babies over 3 months of age have been placed in a separate category, since mixed feeding usually began at about this time. POSITIVE CONTROLS Two normal adults who were on a meat-and offal-free diet and taking no drugs, swallowed known amounts of their own red cells, which had been labelled with a radioactive isotope Cr5' (Veall and Vetter, 1958) . The red cells, suspended in milk, were drunk over a 12-hour period in order to simulate high gastrointestinal bleeding. The faeces were collected, weighed, and their radioactivity measured in a ring of six GeigerMuller counters. This was compared with the radioactivity of a sample of the swallowed blood. The data so obtained were used to derive a figure for the concentration of blood giving rise to red cell residues in the faecal specimens.
In order to measure the absorption of iron after swallowing blood, red cells labelled with Fes9 were drunk, and the experiment continued as with the Crtt-labelled blood. The red cells were labelled in vivo by the intravenous injection of Fe59 into a rabbit and venesection 10 days later, by which time some of the Fe59 had been incorporated in the haem radicle. The resulting rabbit red cells were washed with normal saline and mixed with the subjects' own blood to give the required volume.
One child (a negro hydrocephalic) continued to give strongly positive occult blood tests while on a diet. The child was excluded from the series as there was a history of anaemia, treated with intramuscular iron, and gastrointestinal bleeding was suspected. One baby (aged 2 weeks) was excluded from Table III because the health visitor noticed that it was passing black stools. The tests for occult blood were strongly positive. Tables I, II it was necessary to swallow 10 ml. of blood before it could be detected in the faeces. This was in agreement with some other authors, e.g., Needham and Simpson (1952) even though our results were not strictly comparable, since the blood was taken over a 12-hour period instead of in one dose.
RESULTS

NEGATIVE CONTROLS
Needham and Simpson found that when blood was emulsified directly with faeces, the Gregersen test could detect a concentration of 0 5 ml. blood in 100 g. of faeces. We obtained a similar result with the tests employed by us. It is therefore of interest group.bmj.com on October 13, 2017 -Published by http://jcp.bmj.com/ Downloaded from that when Cr51-labelled blood was swallowed and the concentration of blood products in the faeces was assessed by the Cr51 label, the tests could detect only about 3 ml. blood per 100 g. faeces. This represents a six-fold drop in sensitivity.
If red cells are labelled with Cr51 the label becomes attached to the globin part of the haemoglobin (Gray and Sterling, 1950) . When globin is digested in the alimentary tract, the Cr5' label would be set free and most of it is found in the faeces (Jones, 1958) . In our experiments between 81 % and 99 % of the label was recovered. When the faecal blood concentration is calculated from the Cr5' content, the result will be too low because of the partial absorption of the label. The concentrations of red cell residues shown in Table IV are therefore a slight underestimate of the true figure.
The six-fold drop in peroxidase activity must be due to either or both of two factors, namely, (1) alteration of the haemoglobin molecule and (2) absorption of the iron-containing fraction.
In order to assess the part played by absorption of iron, the experiment was repeated using red cells labelled in vivo with Fe59. During labelling, the Fe59 became incorporated in the haem and therefore the absorption of the label did represent absorption of iron present in the haemoglobin of the swallowed red cells. To avoid the radiation dosage associated with labelling in humans in vivo, rabbits' blood was used, but it is unlikely that thiswould invalidate the results.
In two experiments the recovery of the Fe59 label in the faeces was 45 % and 73 % after swallowing 10 and 20 ml. blood respeGtively. The marked drop in peroxidase activity in the digestive tract can, therefore, not be explained purely by absorption of iron. The authors found that neither digestion in vitro of blood with proteolytic enzymes (pepsin and trypsin) nor incubation in a faecal suspension resulted in any detectable drop in peroxidase activity. It is of interest that Bramkamp (1929) did show that digestion in vitro of blood with pancreatin reduced the strength of the colour reaction between haemoglobin and benzidine by about 50 %.
In the present experiments the quantities of swallowed blood never exceeded 20 ml. With a large haemorrhage it is likely that neither digestion nor absorption would be so complete. This might account for the recovery of between 33% and 85% of the peroxidase activity by Andrews and Oliver-Gonzalez (1942) after swallowing between 61 and 65 ml. of calves' blood. The site and agent responsible for the deterioration in the peroxidase activity of swallowed haemoglobin is still obscure.
RESULTS FROM CHILDREN Children not on special diets gave numerous false positives with all the tests (Table II) . The results of Needham and Simpson (1952) on adults suggested that 'eating meat seldom accounted for a positive t-eaction' and 'it was necessary to feed patients with rather large amounts of meat rich in blood (liver and black pudding) before the faeces gave a positive reaction'. It is of interest that these children received no liver or biack pudding and usually had one meat meal a day. It may be that our results were due to immaturity of the digestive tract. Small amounts of meat would then produce faecal peroxidase activity. This is supported by the decrease which occurred when three children, chosen because of their previous positive results, were placed on a meat-free diet (Table II) . There was also a tendency for the number of false positives to decrease with increasing age.
Positive occult blood tests on children on a normal diet appear to be of little diagnostic value.
RESULTS FROM NORMAL INFANTS The mothers of the babies in our series were advised to begin mixed feeding when the infants were about 3 months old. In order to attempt a rough division of the purely milkfed babies from the babies on mixed feeds, Table III has been subdivided into those below and above this age. The benzidine tube, perborate, and 0 4 % Moss orthotolidine tests showed some increase in the number of false positives when mixed feeding was begun. The presence of some positive occult blood reactions with the milk-fed babies might be explained by their having begun mixed feeding at an earlier age.
ASSESSMENT OF INDIVIDUAL PAPER TECHNIQUES Because of the numerous false positives obtained with children and babies the individual paper techniques were assessed on the results obtained on adults only (Tables I and IV) . The small number of specimens obtained from normal adults on a meat-free diet was unavoidable.
The ideal test for occult blood would be sensitive, give a clear-cut result with no false positives, and be unaffected by diet. It Moss orthotolidine test The 4% and 2% orthotolidine solutions gave a high percentage of false positives. In contrast the 1 % and 04 % orthotolidine solutions gave few false positive results. Tests using these concentrations appeared to be satisfactory.
Guaiac test Although very few false positives were produced, the test was difficult to read and it therefore cannot be recommended.
